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2 Z↑ 1 Z↑ 2 + Z↓ 1 Z↓ 2























































2 X↑ 1 X↑ 2 + X↓ 1 X↓ 2






2 ↑ 1 ↑ 2 + ↓ 1 ↓ 2
⎡⎣ ⎤⎦ 	 	 	 	 	 	 (8)		


































































2 PZ↑+PZ↓( ) =
1
















different	basis.	Rather,	it	becomes	part	of	an	appropriate	distribution	dictated	by	the	Born	Rule.	With	the	aid	of	the	EPR-spin	analogy,	we	can	gain	more	insight	into	the	situation.		Consider	again	the	EPR-spin	experiment	with	two	electrons	in	the	state	(8).		Each	electron	can	be	subjected	to	a	measurement	of	spin	in	any	desired	direction.	Suppose	electron	1	is	detected	prior	to	electron	2.	We	don’t	normally	call	the	component	electrons	either	‘signal’	or	‘idler’	(in	fact	this	is	one	of	the	features	that	contributes	to	confusion	in	the	QE).	But	to	help	reveal	the	fallacy	attending	the	QE,	let	us	consider	electron	1	the	‘signal’	electron,	analogous	to	the	‘signal	photon.’			Now,	suppose	we	measure	electron	1	along	the	θ	axis	(where	the	z	axis	is	at	an	angle	of	zero).	Let	θ	be	some	nonzero	angle	between	the	directions	x	and	z.	This	is	analogous	to	the	measurement	of	the	signal	photon	at	some	position	d	along	the	screen,	except	that	there	are	only	two	possible	outcomes	for	the	spin	measurement,	corresponding	to	the	eigenstates	 θ ↑ and	 θ ↓ .	(This	is	a	minor	difference	that	does	not	undermine	the	analogy,	and	in	fact	it	becomes	an	exact	analogy	for	the	interferometer	case,	for	the	azimuthal	angle	φ,	to	be	discussed	later.)		So	suppose	our	electron	1	(‘signal	electron’)	is	detected	in	the	state	 θ ↑ .		Its	registration	then	yields	σθ		information,	but	nothing	else!	For	example,	nobody	would	say,	based	on	the	ability	to	write	down	the	state	(8)	in	the	σz	-basis,	(as	in	(6))	that	the	outcome	 θ ↑ 	has	anything	to	do	with	‘σz	information’;	nor	would	they	say,	based	on	the	ability	to	write	(8)	in	the	x-basis	(as	in	(7)),	that	the	same	outcome	has	anything	to	do	with	‘σx	information.’	The	fact	that	the	correlation	can	be	expressed	in	a	particular	basis	does	not	warrant	the	idea	that	either	electron	is	‘marked’	with	‘information’	pertaining	to	the	basis	in	which	someone	chose	to	represent	(8).	So,	similarly,	a	photon’s	registration	at	position	d	on	the	screen	provides	only	D-observable	information,	and	nothing	else.	It	does	not	represent	either	‘which	slit’	or	‘both	slits’	information.			Crucially,	however,	the	first	electron’s	detection	in	the	state	 θ ↑ 	does	project	its	




Prob z↑|θ ↑( ) = z↑θ ↑ θ ↑ z↑ = cos2 θ2 ;   Prob z↓|θ ↑( ) = sin
2 θ
2 	 	 	 (10)		where	in	the	first	expression	in	(10)	we	explicitly	show	the	symmetry	of	the	Born	probabilities	with	respect	to	conditionalization.	For	convenience,	we	also	write	down	the	relevant	Born	probabilities	for	the	case	in	which	electron	1	is	first	detected	in	the	state	
θ ↓ :		
Prob z↑|θ ↓( ) = sin2 θ2 ;   Prob z↓|θ ↓( ) = cos
2 θ
2 	 	 	 (11)		 Similarly,	the	signal	photon’s	detection	in	the	screen	pixel	state	 d 	projects	its	idler	partner	into	a	pure	state	that	dictates	specific	probabilities	for	its	detection	in	whichever	basis	it	is	measured,	whether	Z	(‘which	way’)	or	X	(‘both	ways’).	For	example,	suppose	the	signal	photon	is	detected	at	a	value	of	d,	call	it	ddf,		corresponding	to	a	dark	spot	in	the	‘fringe’	interference	pattern.	(Recall	that	the	state	corresponding	to	‘fringe’	is	 X↑ .)	This	means	that			
Prob X↑| ddf( ) = X↑ ddf ddf X↑ = 0 	 	 	 (12)		and	its	idler	partner	will	be	forbidden,	based	on	its	projected	pure	state	resulting	from	its	signal	partner’s	detection,	from	being	found	in	the	state	 X↑ .	(The	correlation	is	enforced	through	the	photons’	momentum	entanglement.)	So	naturally,	when	the	coincidence	count	is	sorted,	that	particular	signal	photon’s	registration	at	ddf		will	never	appear	in	the	distribution	for	the	‘fringe’	state	 X↑ .	Nothing	was	‘erased’	through	its	idler	partner’s	detection;	rather,	the	signal	photon’s	detection	at	ddf			steered	its	partner	away	from	one	
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state	and	towards	others.	Its	ddf			outcome	has	a	chance	of	appearing	in	the	idler	distributions	for	 X↓ , Z↑ ,		and Z↓ ,	not	through	any	‘erasure,’	but	simply	because	its	detection	has	prepared	its	partner	in	a	state	with	a	nonzero	projection	on	any	of	those	states.	The	same	basic	principle	holds	for	any	value	of	d:	as	in	(12),	the	probabilities	for	idler	outcomes	will	be	conditionalized	on	the	d	outcome	of	the	signal	photon.		 Thus,	the	signal	photon’s	d-outcome	steers	the	idler,	and	that	is	what	enforces	the	correlations	that	are	observed	through	the	coincidence	count.4	The	fact	that	there	is	no	legitimate	basis	for	a	retrocausal	‘delayed	choice’	effect	involved	in	these	correlations	is	also	seen	clearly	by	comparison	with	the	EPR-spin	case,	as	follows.		Suppose	we	look	at	a	coincidence	count	of	the	electrons	in	the	EPR-spin	case,	choosing	the	subset	of	electron	2’s	(‘idler’)	outcomes		 z↑ .		We	will	find	their	electron	1	(‘signal’)	partners’	θ-axis	outcomes	(analogous	to	the	photon	d-outcomes)	appropriately	distributed	according	to	the	probabilities	(10),	which	are	symmetric	in	the	conditionalization;	i.e.,	Prob z↑|θ ↑( ) =


















(ii)	the	requirement	for	coincidence	counting	and	statistical	analysis	of	the	data	to	sort	the	d	detections	into	the	correct	sub-ensembles.		(Lack	of	interference	at	screen	does	not	privilege	the	which-way	basis)6	(ii)	the	fact	that	the	signal	photon	detections	project	their	idler	partners	into	pure	states	whose	statistical	properties,	upon	measurement,	will	correctly	reflect	the	d	value	of	their	partner	signal	photon’s	detection.	(EPR	steering)		In	the	case	of	interferometer	measurements,	or	the	two-slit	experiment	with	polarization	entanglement	(as	in	Walborn	et	al,	2002),	each	of	the	signal	photons’	outcomes	provide	information	only	about	the	actual	observable	measured.	So,	for	example,	if	signal	photons	are	first	subject	to	a	‘which	way’	(Z)	measurement,	their	registration	outcome	provides	information	about	the	Z	observable,	and	their	correlated	partner	is	projected	into	a	pure	state,	either	 Z↑ 	or	 Z↓ ,	based	on	that	outcome.	Then	the	idler	partner’s	outcomes	are	distributed	in	accordance	with	the	Born	Rule,	conditionalized	on	its	projected	pure	state	resulting	from	the	signal	photon’s	detection.	If	a	‘both	ways’	(X	or	Y)	measurement	performed	on	the	idler	partner,	that	does	not	‘erase’	its	signal	photon’s	Z	outcome	or	information.	Rather,	the	signal	photons	whose	idlers	ended	up	i	a	‘fringe’	state,	i.e.,	 Y ↑ ,	will	simply	be	found	to	be	evenly	distributed	over Z↑ and	 Z↓ .	This	is	no	different	from	the	EPR-spin	case,	where	instances	of	‘electron	2’	detected	in	the	state	 y↑ 	will	have	their	‘electron	1’	partners’	outcomes	evenly	distributed	over	 z↑ 	and	 z↓ .	Nobody	invokes	‘erasure’	or	‘delayed	erasure	of	z-spin	information’	in	the	latter	case;	and	indeed	no	such	information	was	erased.	We	just	have	EPR	correlations,	and	the	situations	are	completely	isomorphic.7			
																																																								6	This	applies	to	the	version	of	the	experiment	without	polarization	entanglement.	If	polarization	entanglement	yields	a	which-way	or	both-ways	basis	preference	at	the	signal	detection	screen,	we	still	have	ordinary	EPR	‘steering,’	as	discussed	below.		7	Note	added	in	proof:	after	acceptance	of	this	paper	for	publication,	the	author	was	notified	of	a	preprint	by		J.	Fankhauser	(https://arxiv.org/abs/1707.07884)		which	offers	a	similar	comparison	of	the	QE	to	the	EPR	situation.	However,	the	present	treatment	differs	from	that	in	some	aspects	of	the	analysis	and	interpretation.	
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It	is	curious	that	the	very	same	sorts	of	correlations	have	been	known	to	arise	in	the	EPR-spin	experiment,	yet	they	have	never	been	misconstrued	as	‘erasure	of	information,’	delayed	or	otherwise,	with	respect	to	any	particular	spin-axis	observable.	The	stubborn	‘erasure’	concept	that	has	attached	itself	to	experiments	involving	‘which	way’	or	‘both	ways’	properties	may	be	due	to	the	fact	that	these	spatial	properties	directly	affect	our	perceptions	by	creating	visual	patterns.	We	then	identify	the	concept	of	‘information	about	an	observable’	with	these	patterns.		But	they	are	simply	Born	Rule	distributions	of	outcomes—i.e.,	exemplars	of	conditional	probabilities.		As	we	have	seen,	in	an	entangled	state	expressible	as	(5),	(6),	and	(8),	neither	quantum	has	information	about	any	particular	observable	apart	from	its	registration	in	an	outcome	of	the	specific	measurement	performed	on	it,	which	is	never	erased.8	The	patterns	seen	only	after	coincidence	count	comparisons	are	nothing	more	than	conditional	Born	probability	distributions,	and	nothing	at	all	is	erased	in	order	for	these	to	arise,	any	more	than	any	electron’s	spin-measurement	outcome	or	information	is	erased	in	the	EPR-spin	experiment.	The	construal	of	such	correlations	as	involving	‘erasure’	is	based	on	an	illusion,	and	physics	is	about	dispelling	illusion.		Even	if	the	physicists	who	conduct	these	experiments	understand	the	fact	that	the	component	subsystems	carry	no	basis-specific	information	about	their	partners,	the	terminology	‘erasure	of	information’	(or	‘marking	of	information’)	is	distinctly	inappropriate	given	their	improper	mixed	states,	and	has	given	rise	to	enormous	confusion.	It	is	time	to	let	go	of	the	misleading	misnomer	‘quantum	eraser’	for	these	spatial-space	EPR	experiments.							Acknowledgments.	
																																																								8	David	Ellerman	(2015)	makes	a	similar	point	in	his	critique	of	the	usual	conclusions	regarding	the		‘delayed	choice	quantum	eraser.’	
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